Abstract. has been previously reported to be downregulated in specific types of cancer, including colorectal, bladder, oral squamous cell, pituitary, cervical, nasopharyngeal, lymphoma and prostate cancer. In the present study, the effects of miR-143 on prostate cancer cell migration and invasion were examined. Following transfection with miR-143, miR-143 expression, cell migration and invasion assays, luciferase assay and western blot analysis were conducted in prostate cancer cell lines. The results indicated that miR-143 inhibits cell migration and invasion in DU145 and PC-3 cells. In addition, to the best of our knowledge, miR-143 was reported for the first time to directly target matrix metalloproteinase 13 (MMP-13) in prostate cancer. The results of the present study demonstrated that miR-143 suppresses cell migration and invasion by targeting MMP-13 in prostate cancer cell lines. These results indicated that miR-143 may be suitable for the development of novel molecular markers and therapeutic approaches to inhibit metastasis in prostate cancer.
Introduction
Prostate cancer is one of the most common malignancies in males and ranks second to lung cancer in cancer-related mortalities (1) . In the USA and Europe, prostate cancer is currently the second most common cause of cancer mortality in males (2) . It is estimated that there would be 240,890 new cancer cases and 33,720 mortalities due to prostate cancer in 2011 in the USA (1) . Surgical and hormonal therapies have demonstrated beneficial effects for early-stage, hormone-responsive disease (3); however, prostate cancer may recur as androgen-independent, metastatic disease or hormone-refractory following androgen-deprivation therapy (4) . Prostate cancer-related mortality is largely due to its high metastatic potential for bone and/or other organs (5, 6) . Clinically, the prevention and treatment of prostate cancer metastasis remains a significant challenge as the molecular mechanisms of prostate cancer invasion and metastasis are not well understood. Therefore, new therapeutic targets and approaches must be identified to suppress cancer metastasis.
microRNAs (miRNAs) are non-protein coding sequences that are hypothesized to regulate the expression of up to 60% of human genes, by inhibiting mRNA translation or by inducing its degradation (7, 8) . miRNAs are transcribed as hairpin pri-miRNAs and processed into pre-miRNAs by drosha, an RNase III endonuclease complexed with DGCR8. Pre-miRNAs are exported into the cytoplasm by exportin 5 and cleaved by dicer into mature miRNAs (9) . Mature miRNAs are important for numerous cellular processes, including development, proliferation and apoptosis (10) (11) (12) . The altered expression of miRNA has been observed in numerous types of human cancer and it is widely accepted that miRNA is a key player in tumor progression (13) . It is estimated that >50% of miRNA genes are located in fragile genomic regions prone to amplification, deletion or rearrangement in human cancer cells (14) . Upregulated miRNAs in cancer may function as oncogenes by negatively regulating tumor suppressor genes. By contrast, downregulated miRNAs may function as tumor suppressors and inhibit cancer by regulating oncogenes (13) . These observations have lead to the hypothesis that miRNAs represent a promising target for cancer therapy.
Previously, miR-143 has been reported to be downregulated in specific types of cancer, including colorectal, bladder, oral squamous cell, pituitary, cervical, nasopharyngeal and lymphoma (15) . Loss of miR-143 has also been observed in prostate cancer, whereas enhanced expression of miR-143 induced growth suppression in prostate cancer cells through downregulation of Erk5 expression at the translational level (16) . In the present study, miR-143 was demonstrated to inhibit prostate cancer cell migration and invasion by downregulating matrix metalloproteinase 13 (MMP-13). These results are likely to prove useful for understanding the mechanisms involved in metastasis and, based on this knowledge, identify new targets for the development of novel molecular markers and therapeutic approaches to inhibit metastasis in prostate cancer. Table I .
MicroRNA

Quantitative real time-PCR (qRT-PCR) for miR-143
following transfection with miR-143 mimics. Total RNA was extracted from cells using TRIzol reagent (Invitrogen Life Technologies). Real-time qRT-PCR for miR-143 was performed with SYBR green microRNA assay (Genepharm, Shanghai, China) according to the manufacturer's instructions. The primers for miR-143 were: forward, AGTCAGTGAGATGAAGCACTG and reverse, GTGCAGGGTCCGAGGT. Briefly, a total of 500 ng RNA was used for the initial reverse transcription reaction using gene specific stem-loop RT primers available in the kit. Real-time PCR was performed on the AB7300 thermo-cycler (Applied Biosystems, Bedford, MA, USA) using the miR-143 primer set and SYBR green double-strand binding dye. GAPDH was used as internal control. The primers for GAPDH were: forward, GAAATCCCATCACCATCTTCCAGG and reverse, GAGCCCCAGCCTTCTCCATG. Every sample was replicated three times with no RT and no template control included. Data were analyzed by comparison of C t values.
Migration and invasion assay. Assays were performed using a standard Boyden chamber protocol (Costar; Corning Inc., Lowell, MA, USA). In brief, 1x10 5 transfected cells (miR-143 mimics and scrambled control) were detached using enzyme-free cell dissociation solution and suspended in 500 µl RPMI-1640 medium. Cells in 0.2 ml medium were seeded on a transwell apparatus and 600 µl medium containing 20% FBS was added to the lower chamber. The invasion assay was performed following the same procedure; however, the filters of the transwell chambers were coated with 30 µg Matrigel (BD Biosciences, San Jose, CA, USA). Cells were allowed to migrate towards the complete medium for 12 h in the migration assay or 24 h in the invasion assay. Non-migrating cells were removed with a cotton swab and by PBS washes. The crystal violet assay was used to quantify the number of migrating or invading cells. Values for invasion and migration were obtained by counting five fields per membrane and represent the average of three independent experiments.
Western blot analysis. Primary antibodies used in this study, including MMP-13 and β-actin, were purchased from Bioworld Technology (Louis Park, MN, USA). Whole cell extracts were prepared by lysis in RIPA buffer [10 mM Tris-HCl (pH 7.4), 150 mM NaCl, 5 mM EDTA, 1% Triton-X, 0.1% SDS and 1% sodium deoxycholate) containing 1 mM phenylmethylsulfonyl fluoride. Protein concentration in the resulting lysate was determined using the bicinchoninic acid protein assay. Equal amounts of protein were separated by SDS-PAGE and transferred onto a Immobilon PVDF membrane (Millipore, Billerica, MA, USA). The membrane was blocked in 5% skimmed milk in PBS solution with 0.05% Tween-20 (Sigma-Aldrich, St. Louis, MO, USA) for 30 min, stained with each antibody according to the manufacturer's instructions and subjected to an ECL detection system (Pierce Biotechnology, Inc., Rockford, IL, USA). The membrane was analyzed with the FluorChem imaging system and the intensity of each spot was read and analyzed with AlphaEaseFC software (both ProteinSimple, Santa Clara, CA, USA). β-actin was used as loading control.
Luciferase assay. Cells were plated in a 12-well plate at ~90% confluence and transfected with 0.5 µg reporter plasmid, 40 nmol miR-143 mimics or negative control by Lipofectamine 2000. Each sample was also cotransfected with 0.05 µg pRL-CMV plasmid expressing Renilla Luciferase (Promega Corporation, Madison, WI, USA) as an internal control for transfection efficiency. Following transfection (48 h), cells were harvested with passive Lysis buffer, a component of the Dual-Luciferase Reporter Assay System, according to the manufacturer's instructions (Promega Corporation). An appropriate volume of cell lysate was added to the wells of the F96 MicroWell plates, followed by 25 µl LARII. Firefly and Renilla luciferase activities were measured with a luminometer (Tecan UK Ltd., Theale, UK). Firefly luciferase activity was normalized against Renilla luciferase activity for each transfected well. Each assay was replicated 3 times.
Statistical analysis. Data are presented as the mean ± SD and compared using Student's t-tests in Stata 10.0 (Stata Corporation, College Station, TX, USA). P<0.05 was considered to indicate a statistically significant difference.
Results
Expression of miR-143 following transfection of miR-143 mimics in DU145 and PC-3 cells.
Endogenous levels of miR-143 were analyzed in DU145 and PC-3 cells. As demonstrated in Fig. 1 , the basal expression of miR-143 was only at the detection limit, which was too low to show in Fig. 1 . Following this, expression of miR-143 following transfection of miR-143 was analyzed every 24 h. As demonstrated in Fig. 1 , expression levels were markedly increased up to ~144 h following transfection and then declined gradually.
miR-143 suppresses cell migration and invasion in DU145 and PC-3 cells.
To measure the effect of miR-143 on tumor cell migration and invasion, the transwell apparatus assay was used. As demonstrated in Fig. 2A , miR-143 resulted in a 63.58±7.72% decrease in DU145 migration and a 67.56±8.36% decrease in invasion. As demonstrated in Fig. 2B , miR-143 resulted in a 66.43±5.84% decrease in PC-3 migration and 52.56±9.46% decrease in invasion. These results indicate that miR-143 reduces migration and invasion in DU145 and PC-3 prostate cancer cells.
Downregulation of MMP-13 following transfection of miR-143 in DU145 and PC-3 cells.
Western blot analysis was performed to determine whether MMP-13 levels decreased following transfection of miR-143 mimics in DU145 and PC-3 prostate cancer cell lines. As demonstrated in Fig. 3 , MMP-13 was significantly downregulated in DU145 and PC-3 prostate cancer cell lines following overexpression of miR-143. These results indicate that miR-143 reduces MMP-13 protein levels in prostate cancer cells.
MMP-13 is a direct target gene of miR-143 in prostate cancer.
Luciferase reporter assays were performed to evaluate whether MMP-13 is a direct target of miR-143. As demonstrated in Fig. 4 , overexpression of miR-143 suppressed MMP-13
3'UTR-luciferase activity by 49 and 54% in DU145 and PC-3 cells, respectively (P<0.05), indicating that MMP-13 may represent a direct target of miR-143 in vitro.
Discussion miR-143 is located at a fragile site often deleted in cancer (14) and has been observed to be downregulated in a number of The authors also demonstrated that levels of transcribed miR-143 inversely correlated with histopathological grade, reaching the detection limit in high-grade cancers (16). Xu et al reported that miR-143 regulates KRAS, p-ERK1/2 and cyclin D1, and plays a role in cell proliferation, migration and chemosensitivity in prostate cancer cells (19) . In addition, miR-143 is important for bone metastasis in prostate cancer and may be clinically useful as a novel biomarker for the determination of various stages of human prostate cancer, predicting metastasis or even as therapeutic targets in bone metastasis of prostate cancer (20) . Therefore, upregulation of miR-143 or exogenous administration of analogous pharmaceutical compounds may represent effective cancer therapies for prostate cancer.
In the present study, miR-143 transfection resulted in decreased cell migration and invasion in DU143 and PC3 prostate cancer cells by regulating MMP-13 expression. In addition, miR-143 has been previously reported to regulate human osteosarcoma metastasis by regulating MMP-13 (21) . Results of the present study indicate that miR-143 may be suitable for the development of new therapeutic approaches to inhibit metastasis in prostate cancer.
MMPs are a family of proteolytic enzymes with the ability to degrade extracellular matrix components as well as numerous secreted and membrane-bound cell modulators (22) . The enzymes are involved in physiological processes occurring during membrane remodeling and repair, and are crucial for specific non-malignant and malignant pathologies, including rheumatoid arthritis, aortic aneurysms, myocardial infarctions, septic shock, liver disease, tumor invasion and neoplastic metastasis (23) . There are 24 soluble and membrane-anchored members of the MMP family in humans, demonstrating extensive sequence homology and overlapping but distinct substrate specificities (22) . These MMPs have been identified in normal and pathological tissue, and are involved in matrix remodeling processes, including embryonic development, wound healing, arthritis and angiogenesis, as well as tumor invasion and metastasis (24, 25) . Therefore, elevated levels of MMPs have been detected in the serum and urine of patients with a number of types of cancer, including bladder, breast, lung, colon, head and neck and prostate cancer (26) .
MMP-13 was first cloned from a breast cancer tumor and has since been demonstrated to be elevated in a variety of types of cancer (27) . MMP-13 is an important member of the MMP enzymatic cascade. Pro-MMP-13 is activated by MMP-2 and MMP-14, which also activates proMMP-2. The activated forms of MMP-13 are involved in the activation of proMMP-9 into MMP-9. MMP-13 is involved in metastatic and non-metastatic tumors, where molecular expression is stimulated by numerous cytokines, growth factors and tumor promoters acting on tumor cells or perineoplastic fibroblasts (28) . MMP-13 is expressed in various diseases involving degradation of collagenous ECM and in malignant tumors, including squamous cell carcinoma of the head and neck and the vulva, cutaneous basal cell carcinoma, chondrosarcoma and melanoma. In a previous study in prostate cancer, plasma values of MMP-13 were markedly increased compared with healthy subjects and those with benign prostatic hypertrophy (BPH). In addition, increases in MMP-13 were found to correlate with serum PSA and may represent a prognostic marker of prostate cancer (23) . Results of the present study indicated that miR-143 suppresses prostate cancer cell migration and invasion via downregulation of MMP-13, and may represent a predictive value for early detection of tumor metastasis and a therapeutic strategy to block prostate cancer invasion.
To the best of our knowledge, the present study is the first to demonstrate that regulation of MMP-13 by miR-143 inhibits prostate cancer cell migration and invasion by downregulation of MMP-13 expression. These observations have therapeutic implications and may be exploited further for the treatment of prostate cancer.
Future studies must be performed to determine the potential of miR-143 in cancer treatment and specifically, prostate cancer. 
